This communication completes this series of investigations. Ten carbinolamines derived from 6 :7 -dimethylquinoline and based on the quinine model are described. Three of the substances containing the 2-phenyl-6:7-dimethylquinoline nucleus show antiplasmodial activity on malaria in canaries much superior to the activity of quinine. The 6 :7-dimethyl groups present in these compounds show a structural affinity with riboflavin but the anti plasmodial results are not favourable to the view that riboflavin-antagonism plays any significant part in the mechanism of action of these active bases.
Two fundamental types were thus available for development in many directions, and during the W ar a great number of compounds, some of outstanding anti plasmodial activity, have been synthesized along these lines in the United States; a summary of their biological activities is given in A survey of antimalarial drugs (i 946). I t should be noted th at these compounds were synthesized without invoking the general hypothesis on the mode of action of chemotherapeutic drugs formulated by Fildes and others. In fact, it is only within the last few years th at any progress has been made in the biochemistry and metabolism of the many stages of the [ 271 ] malarial parasite, so th at the development of antagonists to essential metabolites has not hitherto been possible. The mode of action of quinine on the malarial parasite is not known, but the findings of Laser (1946) , who showed th at many antimalarial drugs, including quinine, lower the in vitro rate of haemolysis by a haemolytic substance present in normal plasma, may enable a rational approach to be made to the devising of new antiplasmodial drugs when the constitution of this haemolytic substance has been elucidated.
On the other hand, atebrin (IV) bears a strong structural resemblance to riboflavin (V), and it has been suggested by Madinaveitia (1944 Madinaveitia ( , 1946 . th at the antiplasmodial action of atebrin may be due to an antagonism between the drug and one of the riboflavin-containing systems almost certainly present in the malarial parasite. On this hypothesis attem pts have been made by King & Acheson (1946) and others {A survey of antimalarial drugs 1946) to build isoalloxazines of the type of (V) with basic side-chains in the hope th at such substances would have antiplasmodial properties. Some success has been attained along these lines.
H. King and Jean Wright
Quinine, with its methoxylated quinoline nucleus and its elaborate basic sidechain (I), has much structurally in common with atebrin (IV), and it appeared to us th at the action of quinine, in part a t .least, might be antagonistic to riboflavincontaining enzyme systems in the malarial parasite. This possibility being granted it was of interest to build a series of bases of the type of (III) containing a 6 :7 -dimethylquinoline nucleus with methyl groups structurally spaced as in riboflavin itself, and to compare the antiplasmodial properties of these with those of corresponding bases without the methyl groups but with the 6-methoxy group. If a eutherapeutic effect was produced by the two adjacent methyl groups, then the view th at a part, a t least, of the action of quinine and simpler allied bases was on a riboflavin-con taining system would receive some support.
The starting material for this investigation was 3 : 4-xylidine, for gifts of which we are indebted to Imperial Chemical Industries Ltd., and Roche Products Ltd. This base was converted by the action of chloralhydrate and hydroxylamine hydrochloride by Sandmeyer's process (1919) into isonitrosoacet-3: 4-xylidide (VI), a by-product being N N ' -b i s -( 3: 4-xylyl)-urea. On treatm e Sandmeyer's process with sulphuric acid, four substances were formed, 5 : 6-dimethylisatin (VII), 4 : 5-dimethylisatin (VIII), 6-sulphoisonitrosoacet-3 :4-(IX) and its cyclization product 4 :
-d i m e t h y l -l( X)
. If the cons of 5 : 6-dimethylisatin (VII) , which was known previously, is accepted, then the isomeric dimethylisatin, formed simultaneously, must be (VIII). This structure was proved by an independent method as follows. On acetylation it gave 4:5-dimethylisatin, which, on boiling with alkali (Camps 1899), yielded : 6-dimethylquinoline-4:-carboxylic acid. The hydroxyl group was replaced by chlorine and then by hydrogen, and the 5 : 6-dimethylquino acid so pr on decarboxylation gave 5 : 6-dimethylquinoline. The melting-point of this base and of its picrate agreed substantially with those attributed to these substances by Manske, Marion & Leger (1942) . In a similar manner 5 : 6-dimethylisatin, which was the main product Of the Sandmeyer process, was converted into 6 : 7-dimethylquinoline-4-carboxylic acid, and a sample of this on decarboxylation gave 6:7-dimethylquinoline. The melting-point of the base and of the picrate agreed sub stantially with Manske's figures. The constitution of the two sulphonic acids (IX) and (X) follows by a more indirect route. On sulphonation of isonitrosoacet-3: 4-xylidide, the most probable position for the entering sulphonic acid group is the 6-position (IX). Such a 6-sulphoi.s'onitrosoacet-3 : 4-xylidide on cyelization could only give one isatin which should be 4 : 5-dimethyl-5-sulphoisatin (X), and experimentally only one isatin was found. On condensation with acetophenone and alkali by Pfitzjnger's process (1897) it gave 2-phenyl-b: Q-dimethyl-S-sviphoqui'nolinc-^-caTboxylicacid (XI), and on re placement of the sulpho-group by bromine by the method of Fieser & Bowen (1940) it yielded 2-phenyl-5: Q-dimethyl-S-bromoquinolineA-carbpxylic acid (XII). On catalytic reduction this acid afforded 2-phenyl-5: acid (XIII), the constitution of which follows from its direct synthesis by a Pfitzinger reaction on 4 : 5-dimethylisatin. I t was quite distinct from 2-phenyl-6 :7-dimethylquinoline-4-carboxylic acid (XIV, R = Ph), which was prepared by a Pfitzinger reaction on 5 : 6-dimethylisatin. If the sulpho-group had been in the 2-position in isonitrosoacet-3: 4-xylidide, the final acid should have been 2-phenyl-6 : 7-dimethylquinoline-4-carboxylic acid. The 5-position for the sulpho-group in isonitrosoacet-3 : 4-xylidide is unlikely on general grounds, and such a substance on cyclization should yield two isomeric sulphodimethylisatins, whereas only one was observed.
(X I) (X II) (X III) (X IV )
From 5 : 6-dimethylisatin, two cinchoninic acids were thus available in quantity, namely, 6 : 7 -dimethylcinchoninic acid (XIV, = H) and 2-phenyl-6 : 7-dimethyl cinchoninic acid (XIV, R -Ph), for conversion into a series of parallel carbinolamines allied to (III). 6 : 7-Dimethylcinchoninic acid (XIV, H) furnished an ethyl ester which on condensation with ethyl acetate in the presence of sodamide gave ethyl 6 :7 -dimethylA-quinoloylacetate (X Y , = H) mixed with cinchoninamide. On gentle acid hydrolysis the former furnished 6 :7 acetoquinoline (XVI, R = H), which on bromination in warm acetic acid gave 6 : l-dimethyl-4:-bromoacetoquinoline (XVII, R = H). The latter was also obtained by bromination of ethyl 6 : 7-dimethylquinoloylaeetate (XV, R = H).
H. King and Jean Wright (X V II) (X V III)
By a precisely similar series of reactions quinoline (XVII, R = Ph) was obtained from 2-phenyl-6 : 7-dimeth acid (XIV, R = Ph). These two ketobromides readily reacted with morpholine and piperidine to give a series of keto-bases which were catalytically reduced to carbinolamines uncfer the conditions used by King & Work (1940) , a by-product formed by some mechanism which is obscure being 2-phenyl-6 : 7-dimethylcinchoninic acid (XIV, R = Ph) in the case of the 2-phenyl bases. When, however, 6 : 7-dimethylbromoacetoquinoline (XVI, R = H) was . allowed to react with w-dibutylamine, w-diamylamine or w-dihexylamine and the reaction product reduced catalytically, only methyl-6 : 7-dimethylquinolyl-4-carbinol (XXII) could be isolated. To avoid this fission of the ketoamines a device was used which was kindly communicated to us by Dr Lyndon F. Small, of the National Institute of Health, Washington.
The ketobromides (XVII, R = H or Ph) were redu propylate by Ponndorf's method (1926) to the carbinol-bromides (XVIII, R = H or Ph) which were relatively stable crystalline substances when isolated as their hydrobromides. When the latter were allowed to react in boiling benzene solution with an excess of dibutylamine, diamylamine or dihexylamine, they readily gave the six required
The case of morpholinomethyl-2-phenyl-Q: 1 -dimethyl-4:-quinolylcarbinol dihydrobromide (XX) is of special significance. This substance was prepared either by the action of morpholine on the ketobromide followed by catalytic reduction or by the action of morpholine on the corresponding carbinolbromide. The identity of the product by the two processes indicates th at in the action of amines on the carbinolbromides where an intermediate ethyleneoxide is possible, the amine takes the terminal position. Lutz, Bailey, Clark, Codington, Deinet, Freek, Harnest, Leake, Martin, Rowlett, Salsbury, Shearer, Smith & Wilson (1946) and other American workers in this field also came to the same conclusion. Although the use of the Ponndorf reaction on the ketobromides mentioned above gave the required carbinolbromides, when applied to 6-chloro-4-bromoacetoquinoline with prolonged boiling the product of reduction was quinolyl-4:-carbinol (XXI).
The ten carbinolamines described in this communication were tested for anti plasmodial activity on Plasmodium relictum in canaries. Our grateful thanks are due to Dr Ann B i s h o p of the Molteno Institute, Cambridge, for the results shown in table 1. A perusal of this table shows th a t no piperidinomethyl or morpholinomethyl derivative in either series was active. The dibutylaminomethyl, diamylaminomethyl and dihexylaminomethyl derivatives, H, I and J in the 2-phenylquinoline series, were markedly active, having chemotherapeutic indices of | , | and J respectively. In the series without the 2-phenyl groups the dibutylaminomethyl derivative, C, showed no activity, whilst the diamylaminomethyl and dihexylaminomethyl derivatives, D and E, showed definite activity.
I t is now of importance to compare the activity of the above-mentioned active bases with their 6-methoxyquinolyl analogues. King & Work (1940) have recorded the activities of the dibutylaminomethyl-, diamylaminomethyl-and dihexylaminomethyl-6-methoxy-4-quinolylcarbinols as determined by Miss Bishop on P . relictum in canaries by her standard technique. All three bases were active, but apart from the inactivity of dibutylaminomethyl-6 : 7-dimethyl-4-quinolylcarbinol C, and the slight activity of the dibutylaminomethyl-6-methoxy-4-quinolylcarbinol, there is nothing to choose between the activities of the two series of bases. The replacement therefore of the 6-methoxy group by two methyl groups in the 6 : 7 -positions corresponding to those in riboflavin has not led to any eutherapeutic effect, and no support is forthcoming for the view th a t a part at least of the anti plasmodial action of quinine is due to a riboflavin antagonism. The three 6-methoxyquinolyl bases in the 2-phenyl series corresponding to H, I and J were not available for direct comparison on in canaries. In A survey of antimalarial drugs (Wiselogle 1946) , however, the results are recorded of the antiplasmodial tests of these three substances against P .
in ducks and P . gallinaceum in chickens. Their quinine equivalents were about unity, th a t is, on the same dose as quinine they produced the same lowering of parasitemia. Their dimethyl counterparts, the base H, I and J, were more active than quinine on P. relictum in canaries, but it is not possible to evaluate any specific contribution of the two methyl groups in the 6 : 7-positions from a comparison of tests on different parasites in different hosts.
During the course of this work the opportunity has* been taken of preparing the methochlorides of 6-chloro-4:-cinchoninamide, 6: 7 2-phenyl-6:7-dimethyl-4 :-cinchoninamide, 2-phenyl-6:7-dimethylquinoline and 2-phenyl-5 : 6-dimethylquinoline, and to examine them for amoebicidal action on Entamoeba histolytica in vitro. Our thanks are due to Dr J. D. Fulton of this Institute for the tests. They were either inactive or of a very low order of activity. When an attem pt was made to prepare the quaternary methosulphate from m ethyl-5: 6-dimethylquinolyl-4-carbinol (XXII) the product was found to be /?-(2V: 5 : 6-trimethylguinolyl)-ethylsulphuric acid betaine (X X III). The crude solid from four preparations was dissolved in the minimum quantity of cold potassium hydroxide (2 n) and filtered to remove traces of a by-product (see below). Sodium chloride (lOOg.) was added, causing the separation of the sparingly soluble sodium salt. This was collected, dried in air and recrystallized from spirit, filtering while hot to remove inorganic salts; it separated in colourless needles (Found: Na, 10-9. C10H 11O2N 2Na requires Na, 10-8 %). A further crop was obtained by evaporating the alcoholic mother liquors. The residue on removing the alcohol was mixed with the aqueous filtrate of the original sodium salt and acidified with strong hydrochloric acid. The crude isonitrosoacet-S: 4 which was precipitated was purified through the sodium salt as above (total yield 138 g., 72 %). The pure acid was prepared by the addition of glacial acetic acid to an alcoholic solution of the sodium salt; it crystallized in tiny colourless needles, m.p. 179° C (Found: C, 62-5; H, 6*3; N, 14-6. C10H 12O2N 2 requires C, 62-5; H, 6-3; N, 14-6 %). It was, however, found advantageous to use the sodium salt instead of the free base for the cyclization, since it is more stable, more readily dried and more easily purified. The effect of heating the alkaline solution was to cause the formation of large amounts of the by-product. This was shown to be N : A'-di-(3: 4-dimethylphenyl) urea. It crystallized from glacial acetic acid in long colourless prisms, m.p. 236° C (Cazeneuve & Moreau (1897) give m.p. 234 to 235° C) (Found: C, 76-0; H, 7-5; N, 10-4. Calc, for C17H20ON2: C, 76-1; H, 7*6; N, 10-4%). It has a sweet taste. On the gradual addition of this urea (1 g.) to a cold solution of. nitric acid (5 c.c. D 1*5) in glacial acetic acid (15 c.c.) there was a transient red coloration and N : N ' -di- (6-nitro-3 : 4 -d i m e t h y l p h e n y l ) urea separ in good yield. It was recrystallized from pyridine from which it separated in pale yellow prisms, m.p. unchanged (Found: C, 56*6; H, 5*1; N, 15*4. C17H 180 5N4 requires C, 57*0; H, 5*0; N, 15*6%).
5 :6 -Dimethylisatin(VII). This compound has been obtained previously by Kranzlein (1937) by the oxidation of the corresponding indigo.
The dry sodium derivative of 3 : 4-dimethyl-iso-nitrosoacetanilide (107 g.) was added gradually to concentrated sulphuric acid (500 c.c.), which was stirred mechanially and cooled in an ice-salt mixture. The solution was at first orange, but later became deep purple. When solution of the solid was complete, the temperature was raised and maintained at 75° C for 40 min., the solution cooled and poured on to crushed ice (1*5 kg.). The solid which separated was at first orange but gradually became bright red. Next day it was collected and without washing (since this partially removed the main by-products) dissolved in the minimum quantity of strong sodium hydroxide solution (50 %). A deep purple solution was obtained which was heated to boiling and acidified strongly with concentrated hydrochloric acid. The excess of acid and the action of heat accelerated the ring closure of the yellow isatinic acid to give the brilliant red isatin. Next day the solid was collected, washed with water and dried at 85°; it was then separated into its two main components A (soluble) and B (insoluble) by extraction with boiling spirit (400, 200 and 100 c.c.). The combined filtrates containing A were evaporated until crystallization began, the required isatin separating in brilliant red needles or prisms, m.p. 209 to 213° C (37 g., 42 %). The melting-point could be raised to 215° (lit. 214 to 215° C) by two further crystallizations from the same solvent, but the once-crystallized product was found to be sufficiently pure for use in subsequent reactions. A further small crop (3 g., m.p. 204 to 208 °C) was obtained by evaporation of the mother liquors. Attempts to isolate the isomeric 4 : 5-dimethylisatin at this stage were unsuccessful. The two isomeric isatins are more readily obtained pure through their acetyl derivatives.
N-Acetyl-5 \ 5-dimethylisatin and N-acetylA T dimethylisatin, m.p. 209 to 213° C obtained in the previous stage was acetylated by the method of Camps (1899), except that longer heating was found to be necessary. The isatin (17*5 g.) was refluxed gently for 2 hr. with acetic anhydride (35 g.). On cooling the N -a c e t y l -5 : 6 
-d i m e t h y l i s a t i ns
eparated in long rectangular yellow prisms or needles contaminated with a purple oil. The solid was collected, washed with a little benzene and recrystallized from the same solvent (230 c.c.); it separated in yellow prisms, m.p. 182° C (17 g., 80 %) (Found: C, 66-5; H, 5*1; N, 6-5. C12Hn 0 3N requires C, ; H, 5*1; N, 6-5 %). If crystallized several times from alcohol it was converted into ethyl N-acetyl-4, :
-d i m e t h y l i s a t i n a t ev
ery pa 103° C (Found: C, 63*9; H, 6-5; N, 5-4. C14H170 4N requires C, 63-9; H, 6-5; N, 5-3 %). The corresponding free acid, N-acetyl-4: : acid in small amounts. I t crystallized in pale yellow prisms from alcohol, m.p. 196° C (Found: C, 61-3; H, 5*9; N, 6-3. C12H130 4N requires C, 61-3; H, 5-6; N, 6-0 %). Both the free acid and the ester reacted in the same way as A -acetyl-5: 6-dimethylisatin in the subsequent treatm ent with a boiling solution of sodium hydroxide.
V-Acetyl-5 : 6-dimethylisatin on hydrolysis with boiling 16 % hydrochloric acid gives 5 : 6-dimethylisatin (VII), m.p. 215° C, and this is the best method for obtaining this isatin pure.
N -A c e t y l -5:^-dimethylisatin was isolated f benzene filtrates by fractional crystallization from benzene-ligroin mixtures. I t crystallized from benzene-cydohexane mixtures in glistening golden plates, m.p. 128° C (Found: C, 65-9; H, 5*1 ;N, 6-8. C12Hn 0 3N requires C, 66-4; H, 5-1 ;N, 6-5 %). I t was considerably more soluble than its isomeride in all solvents (1 g. of A-acetyl-5 : 6-dimethylisatin dissolved in 12 c.c. of boiling benzene, but only 2 c.c. were required for the same weight of the isomeride). Yield of the isomeride isolated was 1-5 g. (7 %), but probably considerably more was formed. A mixed melting-point of the isomerides showed a definite depression (114° C). 4:
(VIII) was prepared from its acetyl derivative by refluxing for 30 min. with hydrochloric acid (16 %). After several crystallizations from methyl ethyl ketone it was obtained in the form of square red plates, m.p. 222° C (Found: C, 68*4; H, 5*2 ; N, 8*3. C10H9O2N requires C, 68*6 ; H, 5-1; N, 8*0 %). A mixed melting-point with the isomeric dimethylisatin showed a marked depression (185° C).
Antiplasmodial action and chemical constitution 279 SULPHONATED BY-PRODUCTS
The solid, B, remaining undissolved after the alcoholic extraction, was shown to be sodium 4 : 5-dimethylisatin-l-sulphonate. I t crystallized fr needles, unmelted a t 300° C. (Found: C, 42*9; H, 3*0; N, 5*2; S, 11*2 ; Na, 8*9. C10H 8O5NSNa requires C, 43*2; H, 2*9; N, 6-1; S, 11*6; Na, 8*3%) (Yield, 34g., 25 % of the theoretical). If the initial precipitate of the mixed isatins was washed with water most of the sulphonic acid was removed, but this was a less satisfactory method of separation than alcoholic extraction of the isatins after reaction with sodium hydroxide.
The free 4: 5-dim ethylisatin-l-sulphonicacid (X) was best prepared through the barium salt; it crystallized from water in orange needles unmelted at 300° C (Found: C, 47*3; H, 4*3; N, 5*3. C10H9O5NS requires C, 47*1; H, 3*5; N, 5*5 %).
Small amounts of 6-sulpho-3: 4z-dimethylisonitrosoacetanilide (IX) were also isolated by washing the original solid from the cyclization process with water before treatm ent with alkali. I t crystallized from alcohol in yellow needles, unmelted at 300° C (Found: C, 44-2; H, 4-2; N, 10-4. C10H12O5N2S requires C, 44-1; H, 4-4; 1ST, 10-3). It is cyclized by further treatment with sulphuric acid to the above isatinsulphonic acid.
2-Phenyl-5:Q-dimethyl-S-sulphoquinoline-4:-carboxylic acid (XI)
. Sodium 4 : 5-dimethylisatin-7-sulphonate (27-7 g.), acetophenone (20c.c.) and a solution of sodium hydroxide (16 g.) in water (50c.c.) were heated together on a steam bath with mechanical stirring for 16 h r . a t the end of this time all the solid had dissolved. The mixture was evaporated under reduced pressure to a small volume, and on cooling the sodium salt of 2 -p h e n y l -5: 6-dimethyl-^-sulphoquinoline-^-car separated as a purple oil which crystallized on rubbing with alcohol. It could be purified by crystallization from alcohol or water and was obtained in colourless needles, unmelted at 300° C (Found: Na, 6-3. C18H140 5NSNa requires Na, 6-1 %). The free di-acid was not precipitated from the solution of the mono-sodium salt by the addition of acetic acid, but on acidification with mineral acids it separated in tiny colourless needles, m.p. 298° (Found: C, 60-2; H, 4*4; N, 4-0. C18H150 5NS requires C, 60-5; H, 4-2; N, 3-9 %). I t was very sparingly soluble in water, alcohol and acetic acid and very soluble in pyridine.
8-Bromo-4t-carboxy-2-phenyl-5 : 6 1940) . To a solution of 4-carboxy-2-phenyl-5: 6-dimethylquinolyl-8-sulphonic acid (7*14g.) in potassium hydroxide solution (400 c.c. 0-2 n ) at 709 C a solution of bro mine (1-6 c.c.) in potassium bromide solution (8 g. in 40 c.c. of water) was added. An oil separated and the bromine was absorbed at first immediately, then slowly; when the addition was complete, the solution was acidic and contained a small amount of free bromine. The temperature was maintained at 70 to 75° G for 1 hr. On cooling, the oil solidified; it was collected and dried in vacuo (9*2 g., m.p. 110° C). Extraction of the solid with boiling alcohol left a small residue of insoluble material which was shown to be 2-phenyl-5 :6 -dimethylquino unmelted at 350° C (Found: C, 64*8; H, 4-5; N, 4*8. C17H150 3NS requires C, 65-2; H, 4-8; X, 4*5 %). It was sparingly soluble in all the usual solvents but could be purified by crystallization of its sodium salt from alcohol; this separated in beautiful long colourless needles, unmelted at 350° C (Found: Na, 6-8. C17H140 3NSNa requires Na, 6-9 %). Evaporation of the alcoholic solution gave a crystalline solid which was extracted with hot potassium hydroxide solution, a small amount of &-bromo-2-phenyl-5: 6 -d i m e t h y l q u i n o l i n er emaining undissolved. After several crystallizations from alcohol this was obtained in slightly yellow prisms, m.p. 183° C (Found: C, 64-9; H, 4*7; N, 4*4. C17H14NBr requires C, 65-4; H, 4*5; N, 4-5 %).
-d i m e t h y l q u i n o l( XII) (cf. Fieser
The main product, 2-phenyl-b: Q-dimethyl-S-bromoquinolineA-carboxylic acid (XII), was obtained from the alkaline solution by acidification with glacial acetic acid. I t crystallized from benzene-alcohol mixtures in faintly yellow needles, m.p. 220° C (Found: C, 61'3; H, 4-1; N, 4*0. C18H140 2NBr requires C, 60*7; H, 3*9; N, 3-9 %). It could also be purified by crystallization of the hydrobromide, beautiful yellow needles from acetone-hydrobromic acid mixtures, m.p. 148° C, or by means of the sparingly soluble potassium salt.
2-Phenyl-5: 6 -d im eth ylcin ch o n in ica cid (XIII). The above 2-phenyl-5: 6-dimethyl-8-bromoquinoline-4-carboxylic acid (3*56 g.) was dissolved inN-potassium hydroxide
, m.p. 264° C. I t was purified by reprecipitation from sodium hydroxide solution with acetic acid and obtained in tiny colourless needles, m.p. 266° C (Found: C, 78-0; H, 5*5; N, 5 1 . C18H 150 2N requires C, 78-0; H, 5-4; N, 51 %). I t was identical with the acid prepared by a Pfitzinger reaction on 4 : 5-dimethylisatin as described below. Mixed melting-point determinations with 2-phenyl-6 :7-dimethylcinchoninic acid showed marked depressions.
2-Phenyl-b: 6 -d i m et h yl ci n ch o n i n i ca ci d was prepared from 4 : 5-dimethylisatin by the method of Kranzlein (1937) , except th a t sodium hydroxide was used instead of potassium hydroxide. The product crystallized as the sodium salt from the reaction mixture and this could be recrystallized from alcohol. I t separated in beautiful long colourless needles, unmelted a t 300° C (Found: Na, 8*4. C18H 140 2NNa requires Na, 8-0 %).
2 -P h e n y l -5: 6-dimethylcinchoninic acid crystallized from a solution of the sodium salt in alcohol on the addition of glacial acetic acid in tiny colourless needles, m.p. 266° C (Found: C, 78*1; H, 5-5; N, 5-1. C18H 150 2N requires C, 78-0; H, ; N, 5-1 %). A mixed melting-point determination with 2-phenyl-6 :7-dimethylcinchoninic acid showed a marked depression (232 to 242° C).
2-Phenyl-5: 6 -d i m e t h y l q u i n o l i n e . 2-Phenyl-5: 6-dimethylcinchoninic acid (5-54g.) copper bronze (5*54g.) and quinoline (50c.c.) were boiled together for 4 hr., during which time considerable darkening occurred. The copper bronze was collected, washed with alcohol and the filtrate evaporated; after removal of the quinoline the required base crystallized (4-6 g., 100 % of theory). I t crystallized from cycZohexane * in colourless shimmering plates, m.p. 110°C (Found: C, 88*0 ; H, 6*4; N, 6-3.
C17H 15N requires C, 87*6; H, 6-4; N, 6-1 %).
2-Phenyl-6:1-dimethylquinoline was prepared in the same way from 2-phenyl-6 : 7-dimethylcinchoninic acid. I t crystallized from alcohol in colourless silky needles, m.p. 147° C (Found: C, 87*7; H, 6*2 ; N, 6*1. C17H15N requires C, 87*6; H, ; N, 6-1 %).
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Carbinolamines derived from 6 :7 -dimethylcinchoninic and 2 -p h e n y l -6 :7 -d i m e t h y l c a c i d s
:7 -Dimeihylcarbostyril-4t-carboxylicacid (cf. Ainley & King 1938)
. A-Acetyl-5 : 6-dimethylisatin (21*7g.) was refluxed for lh r. with sodium hydroxide (lOg.) in water (600 c.c.). The mixture was then acidified with concentrated hydrochloric acid and refluxed for a few minutes to convert isatinic acid to isatin. Next day the solid was collected and ground with saturated sodium bicarbonate solution which left the dimethylisatin (4*3 g.) undissolved. The filtrate was acidified and gave 6 : 7 -dimethylcarbostyril-4:-carboxylic acid, yield 15 g. (98% allowing for recovered isatin), m.p. 342° C. I t could be recrystallized from glacial acetic acid from which it separated in fine colourless needles, unmelted a t 350° C, although considerable darkening occurs a t lower temperatures (Found: C, 66*1; H, 5*2; N, 6*8. C12H n 0 3N requires C, 66*4; H, 5*1; N, 6*5 %).
2-Chloro-G: 7-dimethylcinchoniyiic
acid was prepar King (1938) using phosphorus oxychloride, except that owing to the sparing solu bility of the sodium salt of the product, sodium bicarbonate could not be used for purification. The acid was dissolved in a slight excess of potassium hydroxide solution (2n) and the solution treated with charcoal and filtered through kieselguhr. Excess sodium chloride was added and the sodium salt, which separated slowly in beautiful long colourless needles, unmelted at 300° C (Found: Na, 8-7. C12H90 2NClNa requires Na, 8-9 %) was collected, dissolved in alcohol and precipitated with acetic acid. Evaporation of the alcoholic and acidification of the aqueous filtrates gave a small crop of crude acid, which was purified in the same way, yield 93 %, The pure 2-chloro-Q: 7 -dimethylcinchoninic acid crystallized from acetic acid in colourless needle!, m.p. 218 to 219° C, giving a cloudy liquid which cleared gradually at con siderably higher temperatures (Found: C, 61*1; H, 4-3; N, 5*0. C12H10O2NCl requires C, 61-1; H, 4-2; N, 5-9 %).
6 :7 -Dimethylcinchoninicacid was also prepared by application of the method of Ainley & King (1938) in 95 % yield. The product crystallized from pyridine water mixtures in colourless needles, m.p. 321° C (decomp.) (Found: C, 71-8; H, 5-6; N, 7*4. C12Hu0 2N requires C, 71*6; H, 5-5; N, 7-0 %).
Ethyl 6 :7 -dim ethylcinchoninatewas prepared from the acid by the action of thionyl chloride followed by alcohol. The yield was almost quantitative. The ethyl 6 :7 -dimethylcinchoninatecrystallized from ligroin in large colourless prisms, m.p. 68° C (Found: C, 73-6; H, 6-5; N, 6-2. C14H 150 2N requires C, 63-4; H, 6-6; N, 6-1 %). It could also be purified by distillation, b.p. 168° C/3-0 mm. 1940) . To a mixture of ethyl 6 :7-dimethylcinchoninate (45-8g.) and ethyl acetate (20g.) 9 dissolved in dry benzene (500 c.c.), finely divided sodamide (10 g.) was added and the mixture refluxed gently for 16 hr. and then poured into water. Next day the solid which had separated, which proved to be 6 :7 -dimethylcinchoninamide, was collected (7-1 g.). I t crystallized from alcohol in colourless needles, m.p. 241° C (Found: C, 71-8; H, 6-1; N, 14*0; C12H12ON2 requires C, 72-0; H, 6- 0; N, 14-0 %). The aqueous layer was separated and extracted with benzene; the combined benzene solutions were evaporated giving unchanged ethyl 6 :7-dimethylcinchoninate (8-5g., m.p. 64° C). The aqueous layer Was then saturated with carbon dioxide, causing the separation of ethyl 6 :7 -dimethyl A -q u i n o as an oil. purified for analysis through the hydrobromide, which could be crystallized from methyl alcohol-ethereal hydrogen bromide mixture in pale yellow prisms, m.p. 162° C (efferv.) (Found: C, 54-1; H, 5-2; N, 4-3. C16H170 3N, HBr requires C, 54-5; H, 5*1; N, 4-0 %). The oil was separated and the aqueous layer extracted with ether, the ether evaporated and the residue combined with the oil; on standing it solidified, m.p. 48° C. From the aqueous layer 6 : 7-dimethylcinchoninic acid (0-8 g.) was precipitated with concentrated hydrochloric acid.
The crude ethyl 6 : 7-dimethyl-4-quinoloylacetate (27 g.) was ground with hydrobromic acid (40 c.c. 24 %); 6 hr. later the hydrobromide was collected, washed with a small amount of the same acid and dried in a desiccator.. (The yield was 27-3 g. of substance of indefinite melting-point, but it was found to be sufficiently pure for use in subsequent reactions; this is a 58 % yield allowing for recovered ester, amide and acid.) 6 :7 -Dimethyl-4t-quinolylbromomethyl ketone (XVII, R = H) (cf. Rabe, Pasternack & Kindler 1917). Ethyl 6 : 7-dimethyl-4-quinoloylacetate hydrobromide (3-52g.) was finely ground under hydrobromic acid (15 e.c., 24 %); it was then treated with a solution of bromine (0*53 c.c.) in hydrobromic acid (5 c.c., 24 %). This caused the separation of a thick oil which dissolved on heating to 70° C. The temperature was maintained at 70 to 80° C for 1 hr., during which time carbon dioxide was evolved and some crystallization occurred. Finally, the temperature was raised to 85° C for 20 min. On cooling Q: 7-dimethyl-4-quinolyl bromomethyl keton crystallized in pale yellow needles, m.p. 218° C. I t could be recrystallized from alcohol containing a few drops of 24 % hydrobromic acid or preferably from glacial acetic acid, from which it separated in buff-coloured prisms, m.p. 236 to 238° C (Found: C, 44*0; H, 4-0; N, 4*0. C13H 12ONBr, HBr requires C, 43-4; H, [3] [4] [5] [6] ; N, 3*9 %).
Piperidinomethyl-6:7 -d i m e t h y l --q u i n o l y l c a r b i n o l (cf. King & Work 1940
). Powdered 6 : 7-dimethyl-4-quinolyl bromomethyl ketone hydrobromide (3*45 g.) was added gradually to a solution of piperidine (3 c.c.) in dry ether (50 c.c.) with continual shaking. After 1 hr. a t room temperature the piperidine hydrobromide (2-25 g., 92 % of theoretical) was collected and the ether removed under reduced pressure without heating. The residue was dissolved in methyl alcohol (50 c.c.) and hydrochloric acid (25 c.c. 3n), both of which had been cooled to -5° C and hydro genated using Adams's catalyst (0-1 g.). Hydrogen absorption was completed in 8 hr. The catalyst was collected and the mixture evaporated at 50° C under reduced pressure, excess hydrogen chloride being removed by adding small amounts of water and evaporating several times. The reaction mixture was dissolved in water (50 c.c.) and extracted with chloroform which failed to extract any significant quantity of material. The solution was made alkaline with strong sodium hydroxide solution (50 %) and extracted with chloroform. The chloroform solution was evaporated and the residue (2* 8 g.), which consisted of the required base contaminated with piperidine, was purified by crystallization of its hydrobromide from aqueous alcoholic hydrobromic acid; it separated in colourless needles, m.p. 220° C (Found on air-dry solid; loss a t 85° C, 2HBr, 2H aO required H 20 , %. On dried material: C, 48*3; H, ; N, 6*2. C18H 24ON2, 2H Br requires C, 48-4; H, 5-8; N, 6-3 %). The base crystallized from cyclohexane in colourless prisms, m.p. 132° C (Found: N, 9*7. C18H 24ON2 requires N, 9-9 %).
Morpholinomethyl-6 : 1-dimethyl^-quinolylcarbinol was prepared in the same way as the piperidine analogue except, th at since the reaction product was sparingly soluble in ether, the morpholine hydrobromide could not be removed from the reaction mixture before hydrogenation. The dihydrobromide of the product crystal lized from water in colourless prisms, m.p. 200° C, yield 2*6 g. (Found: C, 44*3 ; H, 6*1; N, 6*0 ; H 20 , 4*5. C17H 220 2N2, 2HBr, H 20 requires 0, 43*8; H, 5-6; N, 6*0 ; H 20 , 3*9%). The base crystallized from ethyl acetate in prisms, m.p. 164° G (Found: C, 71*2; H, 7*4; N, 9*9. C17H 220 2N2 requires C, 71*3; H, 7*7; N, 9*8 %).
Using the same procedure attem pts were made to prepare the carbinolamines containing the di-w-butyl, di-n-amyl and di-w-hexyl groups. In each case the only product isolated was 6 :
7-dimethylA-quinolylmethylcarbino which good yield, by crystallization of the hydrobromide from water; it separated in colour less needles, m.p. 228 to 229° C (Found: C, 55-3; H, 5-7; N, 5-0. C13H150*N, HBr requires C, 55*3; H, 5-7; N, 5-1 %). The base crystallized from ethyl acetate in colourless prisms, m.p. 152° C (Found: C, 77-2; H, 7-0; N, 7-0. C13H15ON requires C, 77-6; H, 7-4; N, 7-0%).
On heating the base (1-3 g.) with dimethyl sulphate (3 c.c.) in benzene (25 c.c.) for 10 hr. and evaporation of the benzene, a substance was obtained (0-8 g.) which crystallized from water in clusters of tiny, slightly yellow needles, m.p. 270° C. I t did not react with sodium iodide or barium chloride in aqueous solution, and analysis showed it to have the formula C14H170 4NS (Found: C, 56*8; H, 5*8; N, 4-9. C14H 170 4NS requires C, 56-9; H, 5*8; N, 4-7 %). This can only be reconciled with the constitution fi-(N : 5 : 6 -trim et h ylq u i n o l yl)-et h ylsu l p h u ri ca cid betaine (XXIII). 6 : 7-Dimethyl-4:-quinolyl methyl ketone (XVI, R = H). Ethyl 6 : 7-dimethyl-4-quinoloylacetate (2*71 g.) was refluxed for 3 hr. with 15 % sulphuric acid (50 c.c.), evolution of carbon dioxide proceeding rapidly during the first half hour. The solution was made alkaline, causing the precipitation of 6 : 7 methyl ketone (1*3 g.) as a crystalline buff-coloured solid. It was purified by sublima tion in a high vacuum (bath temperature 140° C) and crystallized from ligroin, from which it separated in very faintly yellow long slender prisms, m.p. 93° C (Found: C, 78-0; H, 6*8; N, 7*1,; C13H13ON requires C, 78-4; H, ; N, 7-0 %). Acidification of the alkaline mother liquors gave a very small precipitate of 6 : 7-dimethylcinchoninic acid, but when alkaline hydrolysis was used, as in the case of the analogous 2-phenyl compound, the amount of this acid formed was considerable. 6 : T-DimethylA-quinolyl bromomethyl ketone hydrobromide (1*99 g.) was dissolved in purified glacial acetic acid (15 c.c.), and to the stirred solution (external bath 65 to 70? C) was added bromine (0*7 c.c.) in glacial acetic acid (5 c.c.) over a period of 5 min. The bromine was absorbed almost immediately, and when the addition was complete the solution became cloudy, and soon after yellow crystals began to separate. The external temperature was raised to 100° C, kept there for 5 min. and then the solution allowed to cool1 to 0°C overnight. The crystalline bromomethyl ketone hydrobromide (3*5 g.) m.p. 220° C, was collected and dried in v a c u o ; it crystallized from glacial acetic acid in buff-coloured prisms, m.p. 236 to 238° C, identical with the compound obtained by bromination of the quinoloylacetate as previously described. , 6 : 1 -Dimethyl-4-bromomethylquinolylcarbinol (XVIII, = H). The above bromo methyl ketone hydrobromide (3*59 g.) was boiled for 2 hr. with aluminium isopropylate (2*1 g.) and dry isopropyl alcohol (100 c.c.). When boiling began the mixture became deep purple, but faded slowly during the first hour; all the acetone had distilled after l |h r . boiling. N-Hydrobromic acid (50 c.c.) was then added and the isopropyl alcohol removed under reduced pressure. The crystalline solid, which proved to be the required carbinol hydrobromide, was collected, yield 3*1 g. (85 %), m.p. 220° C. It crystallized from glacial acetic acid in colourless slender prisms, m.p. 222° C (Found: C, 43*2; H, 4*2; N, 4*1. C13H14ONBr, HBr requires C, 43*1; H, 4*2; N, 3*9%).
Dibutylaminomethyl-Q: 7-dimethylquinolylcarbinol dihydrobromide (XIX, = H, R ' = C4H 9). The preceding carbinol hydrobromide (2*9 g., m.p. 220° C), benzene (30c.e.) and di-w-butylamine (6-8 c.c.) were boiled on the water-bath for 16 hr., during which time the solution went from cherry red to black. An excess of dry ether was added, the precipitated dibutylamine hydrobromide collected (3-0 g.) and the organic solvents removed from the filtrate. N-sodium hydroxide (12 c.c.) was then added and the liberated bases extracted with chloroform. The chloroform was removed and the residual dibutylamine distilled in vacuo a t 110° C. The residual base was treated with N-hydrobromic acid (10 c.c.) and extracted with ether to remove a non-crystallizable gum. The acid solution was evaporated somewhat, and the required hydrobromide was obtained by fractional crystallization. I t crystallized from methyl ethyl ketone-methyl alcohol mixtures in colourless prisms, m.p. 161° C (Found: loss at 90° C, 4-0; C, 49*9; H, 7-0 ; N, 5-7. C21H 32ON2, 2HBr, H 20 requires C, H, 7*1; N, H aO, [3] [4] [5] [6] [7] .
Diamylaminomethyl-6 : 7 -d i m et h yl q u i n o l yl ca rb i n o l h yd ro b ro m i d e (XIX, R = H, R '
-C5H n ). In a similar way the parent bromomethylquinolylcarbinol hydro bromide (2*9 g.) and n-diamylamine (8*2 c.c.) gave the required hydrobromide which was recrystallized several times from methyl alcohol-ethyl acetate mixtures from which it separated in colourless prisms, m.p. 184° C (0*8 g.). An air-dried specimen lost no weight on heating at 85° C (Found: C, 52-9; H, [6] [7] [8] [9] N, [5] [6] [7] 2HBr requires C, 53*2; H, 7*3; N, 5*4 %).
Dihexylaminomethyl-6 : 7-dimethylquinolylcarbinol hydrobromide (XIX, R -H, R ' = C6H 13). The bromomethylquinolylcarbinol hydrobromide (6*37 g.), w-dihexylamine (21*4 c.c.) and benzene (50 c.c.) were heated to boiling for 24hr. The required base, freed from dihexylamine by fractional distillation, was treated with N-hydrobromic acid (39 c.c.) and the solution evaporated under reduced pressure until crystallization began. The hydrobromide was crystallized several times from alcohol-ethyl acetate mixtures, from which it separated in colourless long slender prisms, m.p. 181° C (Found: on air-dried solid, loss a t 100° C, 2*7. C25H40ON2, 2HBr, H 20 requires H 20 3*1 %. On dried solid: C, 54*3; H, 8*0; N, 5*4. C25H 40ON2, 2H Br requires C, 54*9; H, 7*7; N, 5*1 %).
2-Phenyl-Q: 7 -dim ethylcinchoninicacid was prepared from 5: 6-dimethylisatin and acetophenone as described by Kranzlein (1937)* The product crystallized from pyridine-water mixtures in colourless needles, m.p. 250° C (lit. 251*5° C) (Found: C, 78*2; H, 5*4; N, 5*2. Calc, for C18H 150 2N: C, 78*0; H, 5*4; N, 5*1 %). The sodium salt, which was sparingly soluble in water, crystallized from alcohol in colourless needles unmelted at 300° C (Found: Na, 8*4. C18H 140 2NNa requires Na, 8*0 %).
Ethyl 2 -p h e n y l -6 :7 -d i m e t h y l c i n c h o n i n a t e was prepared by refluxing 2-phenyl-6 : 7-dimethylcinchoninic acid (27*7 g.) with thionyl chloride (100 c.c.) for 2 hr. The excess thionyl chloride was removed under reduced pressure and alcohol (100 c.c.) was added to the reaction mixture which was then refluxed for a further 2 hr. The alcohol was evaporated under reduced pressure until crystallization began. Next day the hydrochloride was collected, washed with a little acetone (yield 34 g.) and stirred with sodium hydroxide solution (100 c.c.* 2n). Ethyl : 7 cinchoninate crystallized in prisms, m.p. 95° C, yield 29 g. I t was recrystallized from alcohol from which it separated in colourless strongly refractive prisms, m.p. 101 to 102° C (Found: C, H, N, H, N, [4] [5] [6] .
Ethyl 2-phenyl- §: 7 -dimethyl -4 -q u i n o l o y l a c e t a t e (XV, R = Ph) was prepare same method as 6 :7-dimethyl-4-quinoloylacetate (described above), but the different solubilities of the products necessitated the use of a different method of separation.
The reaction mixture (from 30-5 g. of ethyl 2-phenyl-6: 7-dimethylcinchoninate, ethyl acetate and sodamide), several hours after pouring into water was filtered and the solid washed repeatedly with ether until the yellow oil had dissolved and only colourless crystalline material remained. This consisted of almost all the 2-phenyl-Q: 7 -dim eihylcinchoninam idewhich had been formed in the reaction and some ethyl sodio-2-phenyl-Q : 7-dimethyl-4-quinoloylacetate, the latter being moder ately soluble in cold ether. The amide crystallized from glacial acetic acid in small colourless needles, m.p. 258° C (Found: C, 78-3; H, 6*1; N, 10-1. C18H16ON2 requires C, 78*3; H , 5*8; N , 10-1 % ) (Yield 6-0 g., 24%). The sodio-ester crystallized fr o m ethyl acetate in faintly yellow needles, m.p. 132° C (Found: N, 3*6. C22H20O3NNa requires N, 3-8 %). The separation of the mixture into its components was best carried out by grinding the air-dried solid with excess dilute acetic acid (n/2), collecting, again air-drying and extracting with boiling benzene. Whereas the amide was only sparingly soluble in this solvent the free ethyl 2-phenyl-6:7 quinoloylacetate dissolved readily. The benzene was evaporated and the residual solid crystallized several times from alcohol; it separated in colourless needles, m.p. 108° C (Found: C, 76-1; H, 8*1; H, 4-0. C22H 210 3N requires C, 76-1; H, 6*2; N, 4-2 %).
The ether washings and the benzene layer from the reaction mixture were evapor ated and combined. They contained ethyl sodio-2-phenyl-6: 7-dimethyl-4-quinoloylacetate mixed with unchanged ethyl 2-phenyl-6 : 7-dimethylcinchoninate, and these could be separated by fractional crystallization, but owing to their similar solubilities this method was wasteful, and it was found better to proceed to the next stage, hydrolysis with alkali, when the products ketone and acid could readily be separated. When a separation was carried out before hydrolysis 9*2 g. of original ester was recovered, and the yield of the required product was 10-4 g.; this is 68 % allowing for recovered ester and amide.
Saturation of the aqueous layer with carbon dioxide gave no significant pre cipitate, showing that the sodium derivative of the required ester is very sparingly soluble in water, but with hydrochloric acid a small amount (1*25 g.) of crude 2-phenyl-6 : 7-dimethylcinchoninic acid was obtained.
j Recovery of 2-phenyl-Q: 7 -dimethylcinchoninic acid from its am dimethylcinchoninamide (55-2 g.) was refluxed with a mixture of concentrated hydrochloric acid (750 c.c.) and water (750 c.c.) for 24hr. The colourless amide dissolved and a finely crystalline yellow hydrochloride separated. The reaction mixture was made alkaline with potassium hydroxide and filtered to remove unchanged amide (7 g.). On acidification of the filtrate with glacial acetic acid the required acid was obtained in good yield (47 g.) .
2-Phenyl-Q: 7 -dimethyl-4-quinolyl methyl ketone (XVI, R = Ph). Ethyl 6 :7 -dimethyl-4-quinoloylacetate (17-36 g.) was boiled for 2 hr. with 0-5N-sodium ^.ntipla^modial action and constitution 28T hydroxide. Ether extraction (500 c.c.) gave : 7 methyl ketone (12-5 g.) which crystallized from absolute alcohol (75 c.c.) in prisms, m.p. 127 to 128° C (Found: C, 83-1; H, 6-4. C19H lvON requires C, 82-9; H, 6-2 %).
2-Phenyl-6 il-dimethyl-l-quinolyl bromomethyl ketone (XVII, Ph). The above ketone (2-75 g.) was dissolved in purified glacial acetic acid (27-5 c.c.) and to the stirred solution (external bath 60 to 65° C) was added bromine (0-53 c.c.) in glacial acetic acid (5 c.c.) over a period of 5 min. The external temperature was then raised to 100° C, kept there for 5 min. and then the solution allowed to cool to 0° C overnight. The crystalline bromomethyl ketone hydrobromide (3-7 g.), m.p. 218 to 220° C, was collected and dried in v a c u o (F ound: C, 52-2;H, 4-3;N, 3-HBr requires C, 52*4; H, 3*9; N, 3*2 %).
2-Phenyl-6: l-dimethylA-bromomethylquinolylcarbinol (XVIII, R Ph). The preceding bromomethyl ketone hydrobromide (3-2g.) was boiled for 1*5 hr. with aluminium isopropylate (1*5 g.) and dry isopropyl alcohol (90 c.c.). The intense indigo-blue colour formed on first boiling gradually faded as the reaction proceeded, all acetone having distilled after 1 hr. boiling. N-hydrobromic acid (50 c.c.) was then added and the isopropyl alcohol removed under reduced pressure. The crystalline solid, which proved to be the required carbinol hydrobromide, was collected, yield 3-1 g., m.p. 218° C (efferv.). A small specimen was crystallized from 100vol. of boiling acetic acid and separated in minute needles, m.p. 216? C (efferv.). I t can also be conveniently crystallized from alcohol containing a few drops of 3n-aqueous hydrobromic acid (Found: C, 52*2; H, 4-6. C19H 18ONBr, HBr requires C, 52 2, H, 4*4%). Some preparations of this substance melt a t 278° C (decomp.) and crystallize from acetic acid containing aqueous hydrobromic acid in pale yellow prisms or from alcohol mixed with aqueous hydrobromic acid in pale yellow slender prisms (Found: on substance dried at 100° C, C, 52*4; H, 4*2. Calc. C, 52*2, H, 4'4 /0). Both forms combine normally with secondary bases as is shown below.
Dibutylaminomethyl-2 -phenyl -6 :7 -dimethyl -4 -quinolylcarbinol dihydrobromide (XIX, R = Ph, R ' -C4H u ). The preceding carbinol hydrobromide (2-7 g., m.p. 273° C), benzene (22 c.c.) and w-dibutylamine (5 c.c.) were boiled on the water-bath for 14 hr. On addition of excess of dry ether, the precipitated dibutylamine hydro bromide (2-4 g.) was collected and the organic solvents removed from the filtrate. N-Sodium hydroxide (10 c.c.) was then added and the liberated bases extracted with chloroform. The chloroform was removed and the residual dibutylamine by heating in vacuo at 100° C. The residual base was treated with N-hydrobromic acid (10 c.c.) and a little ether to remove non-crystallizable gum. The required hydrobromide (l-64g.) separated from the mixture in fine short needles. I t was recrystallized from boiling N/10-hydrobromic acid, m.p. 210 to 211° C (Found: On air-dried solid, loss a t 100° C, 3-2. C27H 36ON2, 2HBr, H 20 requires H 20 , 3-1 %. On dried solid, C, 57-1; H, 7-0; N, 4*9. C27H 36ON2, 2H Br requires C, 57-2 ; H, 6*8; N, 4-9 %).
Diamylaminomethyl-2-phenyl-6: 7-dimethylquinolyIcarbinol dihydrobromide (XIX, R = Ph, R' = C6H n ). In a similar way the parent bromomethylquinolylcarbmol hydrobromide (3-35g., m.p. 275°) and w-diamylamine (7-5 c.c.) gave the required hydrobromide (3-64g.) which was recrystallized from boiling N-hydrobromic acid (230 c.c.) and separated in needles, m.p. 207° C (Found: On air-dried solid, dried at requires C, 55*2; H, 5*7; N, 5*4%). The base crystallized from ethyl acetate in colourless needles, m.p. 130 to 131° C (Found: N, 7*7. C24H 28ON2 requires N, 7-8 %).
Morpholinomethyl -2-phenyl-6: 7-dimethyl-4-quinolylcarbinol was prepared in the same way as the piperidino analogue, except th at since the ketonic addition com pound was sparingly soluble the morpholine hydrobromide could not be removed in the early stages as was the piperidine hydrobromide; it was therefore separated at the end through its greater solubility in water. The dihydrobromide crystallized from aqueous alcohol in needles with a slightly yellow tinge, m.p. 236° C (Found: C, 51*0; H, 5*5; N, 5-2. C23H 260 2N2, 2HBr requires C, 52-7; H, ; N, 5-4 %). The morpholinomethyl-2-phenyl-Q:
7-dimethyl-4-quinolylcar crystallized zene-cycZohexane mixtures in colourless prisms, m.p. 173° C (Found: C, 76*6; H, 7*1; N, 7-6. C19H19ON requires C, 76*2; H, 7*1; N, 7*7 %). The other products of the reaction were the same as in the case of the piperidino analogue, the production of some 4-carboxylic acid again being observed.
Attempts to prepare the dibutyl, diamyl and dihexyl analogues by this method were unsuccessful.
Misc e l l a n e o u s c o m p o u n d s 5 : 6-Dimethylcarbostyril-4-carboxylic acid was prepared from N-aeetyl-4:5-dimethylisatin by the same method as 6 : 7-dimethylcarbostyril-4-carboxylic acid, described above. The yield of 5: Q-dimethylcarbostyril-4-carboxylic acid was practic ally quantitative, only a very small trace of 4 : 5-dimethylisatin being recovered. I t was purified by dissolving in potassium hydroxide solution and reprecipitating with hydrochloric acid; it formed tiny colourless needles, m.p. 356° C (Found: C, 66*4 ; H, 5-5; N, 6-5. C12H u 0 3N requires C, 66-4; H, 5-5; N, 6*5 %). A mixed meltingrpoint determination with the isomeric acid showed a marked depression (330 to 332° C).
2-Chloro-S: 6 -dim ethylcinchoninicacid was prepared by the method used in the preparation of 2-chloro-6 :7-dimethylcinchoninic acid, and the yield was the same. The 2-chloro-b: 6 -d im eth ylcin ch o n in ica cid crystallized from glacial acetic acid in colourless cubic crystals, which were, however, anisotropic, m.p. 220° C (Found: C, 61-8; H, 4-2; N, 6-1. C12H 10O2NCl requires C, 61*1; H, 4-2; N, 5-9 %). The sodium salt crystallized from alcohol in colourless needles, unmelted a t 300° C (Found: Na, 8*9. C12H 90 2NC1 requires Na, 8*9 %). A mixed melting-point of the isomeric acids showed a marked depression (202° C).
5 :6 -Dimethylcinchoninicacid was prepared in the same way as its isomeride, 6 :7-dimethylcinchoninic acid. I t crystallized from glacial acetic acid in colourless prisms, m.p. 284° C (decomp.) (Found: C, 71-3; H, 5-4; N, 7-1. C12H u 0 2N requires C, 71-6; H, 5-5; N, 7-0%).
6:7 -Dimethylquinoline.6 : 7-Dimethylcinchoninic acid (lg.) was ground with calcium oxide (5g.) and heated in a distillation flask with a wide side-arm. The 6 :7-dimethylquinoline distilled and was purified by sublimation (bath temperature 85 to 100° C/0*3 mm.) and by crystallization from cyclohex&ne from which it separ ated in long colourless prisms, m.p. 58° C (Manske et al. 1942 give 58° C) (Found: C, 83*8; H, 7*4; N, 9*1. Calc, for CUH UN: C, 84*1; H, 7 0 ; N, 8*9 %). The picrate crystallized from methyl ethyl ketone in short yellow rods, m.p. 269° C (Manske
